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^ ■ ABSTRACT 

We present a detailed examination of strongly blueshifted emission lines ob- 
'. served with the EUV Imaging Spectrometer on board the Hinode satellite. We 

^ ! found two kinds of blueshifted phenomenon associated with the X3.4 flare that 

occurred on 2006 December 13. One was related to a plasmoid ejection seen in 
p ^! soft X-rays. It was very bright in all the lines used for the observations. The 

Q ! other was associated with the faint arc-shaped ejection seen in soft X-rays. The 

+l3 ! soft X-ray ejection is thought to be an MHD fast-mode shock wave. This is 

, therefore the first spectroscopic observation of an MHD fast-mode shock wave 



associated with a flare. 
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Solar flares are very spectacular, and they are accompanied by a variety of plasma mo- 
^ ! tions. For example, many ejection phenomena, such as filament /prominence eruptions are 
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seen in the Ha line and in the extreme ultraviolet (EUV), while plasmoid ejections seen in 
soft X-ray (SXR) have been observed in association with solar flares. They have attracted 
attention, since they could play a key role in trigger ing; fast r econn ectio n. In the plasmoid- 
induced reconnection model, which was suggested by lShibata andlShibata k. Tanumal 



( 2001) as an extension of the classical CSHKP model ( Carmichaell Il964l : ISturrockl Il966l : 



Hirayamal 1 1974 iKopp fc Pneumaru Il976l ) , plasmoids generated in current sheets near re- 
connection points are ejected, when strong energy releases occur. The ejections of plas- 
moids trigger further reconnections, since they make the current sheet thinner. We often 



sions in hard X-ray (HXR) and in radio ( 


Kahler et a 




1988 




Shibata et al. 


1995 


r 


?suneta 


1997; 


Ohvama & Shibata 


1998; 


Morimoto & Kurokawa 


2003; 


Sterling & Moorel 


2004 


. 2005h. 



Therefore, the correlations between plasmoid ejections and HXR bursts support a plasmoid- 
induced reconnection model. A good review of t he correlation between plasmoid ejections 
and HXR emission is given in lAschwandenl (120021 ) . 



Flare- associated waves and the related plasm a motions have also been studied. More 
ton waves (jMoretonl Il960l : ISmith &: Harveyl Il97ll ) are ob served to propag at e across the so- 



l ar disk in Ha with speeds of 500 - 1500 km s ^ (e.g., lEto et al.l (120021 ): IWarmuth et al. 
( 2004al lbl)). They are often associated with type II radio bursts, and thought to be due 



to the intersection of a corona l MHD fast-mode shock wave and the chromosphere (lUchida 
19681. [l97 Ol:IUchida et al.lll973h . X-ray w aves discovered with t he Soft X-ray Telescope (SXT; 



Tsuneta et al 



(Il99ll )) on board Yohkoh (lOgawara et al.lll9911) are the wave l ike disturbances 
travelling in the solar cor ona associated with flares (IKhan fc Hudson! l2000l : iKhan &: Aurass 
2OO2I : iHudson et al.lboosl ). The simultaneous observation of Moreton waves and X-ray waves 
suggest that both of these wavelike disturbances a re generated with the MHD fast-mode 
shock (IKhan fc AurassI l2002l : iNarukage et al.l 120021 ). Furthermore, the S olar X-Ray Im 



ager on board GOES has also observed wavelike disturbances in X-rays (IWarmuth et al. 



2005h. Coronal KIT w a ves ob served with the Extreme-Ultraviolet Imaging Telescope (EIT; 



Delaboudiniere et al. I (119951 )) on board the Solar and He liospheric Observatory (SOHO; 



Domingo et al.l (Il995l )) are another coronal disturbance (e.g.. [Thompson et al.l (l2000l )). How- 
ever, these coronal disturbances have rarely been observed spectroscopically in EUV and in 
SXR. Therefore, spectroscopic observations of wavelike ejections with high spatial and spec- 
tral resolution are required to clarify the relation with the MHD fast-mode shock. 

These plasma motions can be observed as phenomena accompanied by line shifts (Doppler 
shifts) in spectroscopic observations. The EUV Imaging Spectrom eter (EIS; ICu 



hane et al. 



(j2007l )) is one of the three scientific instruments on board Hinode (jKosugi et al.ll2007l ). EIS 
uses an off-axis parabolic primary mirror and a toroidal diffraction grating in a normal in- 
cidence optical layout, and has sensitivity for two wavelength ranges, 170 - 210 and 250 - 
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290 A (see iKorendyke et al.l ( 2006 ) and iLang et al.l ( 20061 ) . for more details). These wave- 



length ranges are simultaneously observed with two CCDs, which are called CCD-A (for 
longer wavelength range) and CCD-B (for shorter wavelength range), respectively. The two 
dimensional EUV images were obtained with the narrow slit in a raster observation by a 
pivot rotation of the primary mirror in the east-west direction. EIS enables us to study 
in detail the plasma in the solar corona and upper transition region with temperature of 
8 X 10^ K to 2 X 10^ K. 

We found strongly blueshifted phenomena, which were associated with an intense flare 
that occurred 2006 December 13 observed with EIS. In this paper we examined the phenom- 
ena, and discuss the relation with plasmoid ejections and/or coronal waves. In §2 we describe 
the observational data. In §3 we examine the detailed features of the strongly blueshifted 
line emission. In §4 we present a summary and conclusions. 



Observations 



An intense solar flare, which was X3.4 on the GOES scale, started at 02:14 UT, 2006 
December 13, in NOAA Active Region 10930 (S06 °, W22°). I t was t he first X-class flar e 



that Hinod e obse rved (see also iKubo et al.l ( 120071 ). ISu et al.l ( 120071 ). Ilmada et al.l (120071 ) 



Isobe et al.l (120071 )). The top panel of Figure 1 shows time profiles of the fiare (from 02:10 
UT to 03:00 UT, 2006 December 13), in SXR obtained with the GOES 1.0 - 8.0 (t o p) ari d 
0.5 - 4.0 A (b o ttom) channels. The Nobeya ma Radio Polarimeters (NoRP; iToriil (119791 ): 
Shibasaki et all (1l979l ): iNakajima et al.l (1l985l )) also observed this fiare. The bottom panel 
of Figure 1 shows the time profiles of the total radio fiuxes taken in NoRP 17 GHz (black 
line) and 35 GHz (gray line) channels. 

EIS performed a wide raster scan from 01:12 to 05:41 UT, and the following nine lines 
were chosen to observe the fiare: Fe x (184.5 A), Fe vill (185.2 A), Fe xi (188.2 A), Ca 
XVII (192.8 A), Fe xil (195.1 A), Fe xill (202.0 A), He ll (256.3 A), Fe xiv (274.2 A), and 
Fe xv(284.2 A). Information on these lines is summarized in Table 1. We used a narrow 
slit of 1" width. For each emission line, we set the observation window on the CCDs with a 
height of 256 pixels along the slit and a width of 24 pixels in the wavelength direction. These 
correspond to 256" and 0.54 A, respectively. We show the raster images in the He ll and 
Fe XV lines in the bottom panels of Figure 2. The field of view (FOV) of CCD-A is displaced 
southward in the slit direction by about 18", compared with that of CCD-B. In this work 
we have corrected for this displacement. The absolute positions of the FOVs are determined 
with the EUV images observed with other instruments as will be described below. 
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We are focusing on the strongly blueshifted feature observed with EIS. In the impulsive 
phase two kinds of feature are observed. One is located about 120" south of the disk center, 
which is just south of the flare core region. This is bright in all lines, and drifts southward 
with a velocity of about 50 km s~^. The small box drawn with black dotted lines in the 
bottom right panel of Figure 2 shows the position of this feature. The other blueshifted 
feature appears farther from the flare core site and is located 200" south of the disk center. 
This very faint feature is seen only in high-temperature lines, and moves southward with 
high velocity. We call these features "BSl" and "BS2", and they are discussed in more detail 
in the next section. 

The imaging observation of t his flare in EUV was performed with t he Tr ansition Region 
and Coronal Explorer (TRACE; Iflandv et all JlQQoh : ISchriiver et"aD Jl999h ) although the 
impulsive phase was unfortunately missed. We show the 195 A images of the flare taken by 
TRACE at 02:05:25 UT (left) and 02:47:20 UT (right) in the top panels of Figure 2. We can 
see a dark filament lying horizontally (i.e., in the east- west direction) in the western part 
of the active region. It can also be seen in the EIS raster images until 02:20 UT. The dark 
filament disappeared after the flare started. SOHO/EIT also observed the eruption of the 
filament in the 195 A images, travelling in the southwest direction. We co-aligned the EUV 
images obtained with EIS, TRACE, and EIT, by using the 195 A data. In particular, the 
EIS raster image was fitted with the TRACE preflare (02:05:25 UT) image, by using the 
common features seen from 02:00 to 02:10 UT. The accuracy of the co-alignment between 
the EIS and TRACE data for the time range is about 1", which is comparable to the pixel 
sizes of the data. 



The Sol a r Opt ical Telescope (SOT: iTsuneta et al.l (120071 )) and X-Ray Telescope (XRT; 
Golub et al.l (120071 )) on board Hinode also observed this flare. The Ca ll (H-line) images 
obtained every 2 minutes with SOT clearly show the two-ribbon structure (see the top 
panels of Figure 4). XRT obtained the SXR images of this flare every 1 minute with the 
Thin-Be filter. In the SXR images we can see some ejections of bright plasmoids (see the 
bottom panel of Figure 4). We can also see a faint arc-shaped ejection (see the bottom 
panels of Figure 5). We will discuss these in the following section. We co-aligned the SOT 
and XRT data with the TRACE data. For the co- alignment, we used common features, such 
as flare kernels. The accuracy of the co-alignment is also about 1", and therefore, we expect 
that the EIS data are co-aligned with the SOT and XRT data with an accuracy of about 2". 
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Blueshifted Features 



3.1. The Northern Feature - BSl 



This strong blueshifted feature associated with BSl appeared from 02:23:46 UT to 
02:26:24 UT in the EIS FOV, which corresponds to the first impulsive radio burst observed 
with NoRP (see Fig. 1). 

The top panels of Figure 3 show the clipped spectra of BSl in the He ll (left panel) and 
Fe XV (right panel) lines. The vertical axis is the extent along the slit (the solar north is up), 
and the size is 224" (~ 1.6 x 10^ km). The horizontal axis shows the wavelength direction 
(blue is to the left), and the width is 24 pixels in the CCDs of EIS, which corresponds 
to about 0.54 A in the wavelength range. The spectra are taken at (A) 02:24:49 UT, (B) 
02:25:21 UT, (C) 02:25:52 UT, (D) 02:26:24 UT, and (E) 02:26:56 UT, respectively. The 
flare core site is seen as very bright horizontal bands in the spectra, and it is saturated in the 
He II line. BSl is located just south of the flare core region, and it drifts in the slit direction 
(southward) with a velocity of about 50 km s~^. The flare cores are seen as blob-like bright 
features in all the lines used for the raster. 

The bottom panels of Figure 3 show the spectra of the blueshifted regions in the He ll 
(left) and Fe XV (right) windows. The histograms shown with the solid lines are the observed 
spectra integrated over the blueshifted region sandwiched between the two white horizontal 
lines in the top panels for each emission line. The spectra are normalized with their maximum 
intensities. We fitted the spectra with Gaussian functions. For each window, the spectrum 
is divided into a main component (dotted line) and a blueshifted component (solid line). 
The black thin and thick arrows point to the peaks of the main and blueshifted components, 
respectively. The Doppler velocity is determined by the displacement between the blueshifted 
and the main components. Although the main components themselves show displacements 
compared to the profiles of a quiet region (e.g., the bottom part of the FOVs) of less than 
5 km s~^, they are small compared with the blueshifted phenomena, and therefore, we do 
not take them into the following considerations. The He ll and Fe XV lines recorded Doppler 
velocities of about 280 and 240 km s~^, respectively. For BSl, the blueshifted components 
are brighter than the main components. 

We compared the features with the SOT data to investigate the relation between BSl 
and the flare kernels. We often observe upfiow motion, associated wi t h chromospheric evap- 



oration (INeupert 



1968 



Hirayamal Il974l : lAntiochos &: Sturrockl Il978l : lAntonucci et al.l Il982 



Canfleld &: Gunkler[ 19851 ). at the footpoints of flare loops. They result from sudden pres- 
sure enhancement du e to bombardment by nonthermal particles and/or conduction from the 



coronal flare kernels. iMilligan et al.l (120061 ) reported that the upflows of about 110 km s 
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in the Fe xix line (logT ^ 6.9) were obse r ved w ith the Reuven Ramaty High-Energy Solar 



Spectroscopic Imager {RHESSI: iLin et al.l (120021 )) at the flare kernels. 



The top panels of Figure 4 show the Ca ll (H-line) images. We can see a two-ribbon 
structure that shows an inverse S-shape in the east-west direction. The crosses in the panels 
(x) point to the positions of BSl observed with EIS. The X-coordinate corresponds to the 
slit position at that time, and the Y-coordinate is the front position (i.e., the southern end) 
of BSl seen in the Fe XV line. We cannot see any correspondences between BSl and the 
bright features seen in the SOT images, such as the flare ribbons. Therefore, BSl is not 
related to the evaporation flow. 

We compared the EIS data with the SXR images obtained with XRT. The bottom panels 
of Figure 4 show these images. As we mentioned, we can see a plasmoid ejection as marked 
with arrows. It lies horizontally, and is ejected from the flare core site in the southwest 
direction. The crosses in the panels again indicate the front positions of BSl determined 
with the Fe XV window. We can see a remarkable correspondence in all the frames between 
the positions of BSl and those of the plasmoid ejection. The ejected plasmoid travels in the 
XRT images with a velocity of about 90 km s~^, which is roughly consistent with the drift 
speed of BSl. Therefore, we conclude that BSl originates from the plasmoid ejection. 

As we mentioned above, the timing of BSl just corresponds to the first impulsive radio 
burst observed with NoRP, which supports the plasmoid-induced reconnection model. BSl 
showed Doppler and drift velocities of about 240 - 280 and 50 - 90 km s~\ respectively, 
which indicates that the combined velocity was about 250 - 300 k m s~^. This value is 



consistent with the velocities that have been previously reported (e.g.. IShibata et al.l (119951 ) 
examined eight X-ray plasmoid ejections observed with Yohkoh, and found that the apparent 
velocity was 50 - 400 km s~^). 



3.2. The Southern Feature - BS2 

The top panels of Figure 5 show time sequences of the spectra in the Fe XV and Ca xvil 
windows. Solar north is up and shorter wavelength (i.e., blueward) is to the left. The size of 
each spectrum is 224" along the slit (vertical), and 24 pixels in the EIS CCDs (horizontal). 
The displacement between the CCD-A and CCD-B was corrected. The times of the spectra 
are taken at (a) 02:22:11 UT, (b) 02:22:43 UT, (c) 02:23:14 UT, (d) 02:23:46 UT, and (e) 
02:24:18 UT, respectively. 

The flare core site is seen as two very bright bands in these spectra. BS2 appeared from 
02:22:11 UT to 02:24:18 UT, and went out of the EIS FOV just before the first impulsive 
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radio burst was observed with NoRP (see Figure 1). They started to appear at 200" south 
of the disk center, which is about 100" south of the flare core region. They travel along the 
slit, i.e., southward, with a velocity of about 450 km s~^. Furthermore, as seen in the top 
panels of Figure 5, these blucshifted features broaden widely in the blue wings of the lines. 
These features were observed only in the Fe XV and Ca XVII windows, which are the two 
hottest lines contained in the raster. Therefore, the plasma generating BS2 must be heated 
more than about 2 MK. 

The middle panels of Figure 5 show the spectra of the blueshifted regions in the Fc XV 
and Ca XVII windows. The histograms shown with solid lines arc the observed spectra 
integrated over the region sandwiched between the two white lines in the top panels for each 
line. The spectra are normalized with the maximum intensities. We fitted the spectra and 
divided them into several components. We assumed that all the components follow Gaussian 
functions. 

For the Fe XV window, the spectrum is divided into Fe XV main component (dotted 
line) and the blueshifted component (sohd hne). The black thin and thick arrows point to 
the peaks of the main and blueshifted components, respectively. The Ca xvil window (the 
middle right panel) contains Fe xi and O V lines as well as the target Ca xvil hne. We can 
see Fe xi and O V lines discretely in the quiet region, while we can see the blended emission 
with the Ca XVII lines in the BS2 region. Therefore, we have to remove those components, 
before we discuss the blueshift component of the Ca XVII line. First, we do not take the O V 
component into consideration, since we cannot sec the component at all for the blueshifted 
region. The line is sensitive to the low temperature plasma (logT is 5.4), and the absence 
is consistent with the fact that BS2 is hot. Secondly, we estimate the Fe xi component in 
the Ca XVII window. Since the Fe xi emission line in the Ca xvil window (192.8 A) and 
the left peak (i.e., the peak with the shorter wavelength) of the Fe xi doublet (188.2 A) 
are a density insensitive line pair, we can estimate the intensity and the line shift compared 
to the quiet region from the profile of the Fe xi lines in the Fe xi window. In the middle 
right panel of Figure 5 we show them with the gray dashed line. The Fe XI component also 
do not show blueshift at all. The gray arrows point to the peak positions of the Fe XI in 
the Ca XVII window. Then, after the subtraction of the Fe xi component, we divided the 
spectrum into Ca xvil main component (dotted hne) and the blueshifted component (solid 
line) . The black thin and thick arrows again point to the peaks of the Ca xvil main and the 
blueshifted components, respectively. 

The peaks of the BS2 components shifted 0.089 A for the Fe XV line, and 0.099 A for the 
Ca XVII line, which correspond to Doppler velocities of about 90 and 150 km s"^, respectively. 
The blueshifted components of both fines broaden widely, and have wide FWHM of about 
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0.24 A for the Fe XV line and about 0.21 A for the Ca xvil hne. The very wide FWHM 
of the blueshifted components indicates that BS2 has a large velocity field along the line of 
sight. These features in the spectra are very different from those of BSl. 

We compared BS2 with the coronal features seen in the XRT images. We expect plasma 
motion in the XRT images at the same position as BS2, since XRT is sensitive to high 
temperature plasma observed with the EIS Fe XV and Ca xvil spectra. The bottom three 
panels of Figure 5 show the XRT Thin-Be filter images of the flare. The arrows point 
to the front of the XRT arc-shaped ejection, which is travelling in the southeast direction 
with a velocity of about 650 km s~^. This ejection was faint compared with the other 
ejections seen in the XRT and TRACE images. The shape and the travelling direction are 
also different from the others which showed the rod-shaped structure and traveled in the 
southwest direction, similar to that associated with BSl. These features of the ejection 
resemble the X-ray waves discovered with Yb/ifco/i/SXT, and this disturbance is possibly 
generated by the MHD fast-mode s hock. We roughl y estim ated the Alfvenic Mach number 



of BS2, using the same method as iNarukage et al.l (120021 ) . and found it to be about 1.4. 



This result indicates that the XRT wavelike phenomena and BS2 might be a weak MHD 
fast-mode shock. The detailed analysis and theoretical treatment of the shock is beyond the 
scope of this paper. The observational confirmation of the density and temperature jumps 
caused by the passage of the shock waves will be discussed in a future paper. 

The crosses in the panels show the position of BS2. The horizontal positions (X- 
coordinate) correspond to the EIS slit position. We can clearly see the correspondence 
between BS2 and the ejection as part of a coronal shock wave, and therefore, we conclude 
that BS2 is associated with the wavelike phenomenon. Furthermore, a Halo-type coronal 
mass ejection (CME) associated with the flare was observed with the Large Angle Spectro- 
metric Coronagraph (LASCO) on board th e Solar and Hdiosph eric Observatory {SOHO: see 



the SOHO/hk^GO CME onhne catalo£|; lYashiro et al.l (12004j )l The EIT wave travels in 



almost all direction from the flare site, and the clearest disturbance is seen travelling with 
a speed of about 570 ± 150 km s~^in the southeast direction, which is almost the same 
as that of the XRT wave. Figure 6 shows the running differences of the EIT images. The 
02:24:33 UT image (bottom left panel) suffered from scattered light in the telescope, and 
therefore, the wave-front is unclear. In the XRT image (top left panel) the front of the 
XRT wave is indicated by the solid line, and the wave is estimated to reach the dashed line 
position at 02:36 UT. In the 02:36:01 UT image (bottom right panel) the expected position 
of the XRT wave is also shown by the dashed line, and we can see that the front of the EIT 



^See http://cdaw.gsfc.nasa.gov/CMEJist/ 



-9- 



wave is located slightly inside of the XRT wave position (dashed hne) . 

BS2 recorded a Doppler velocity of about 100 km s~^ while the drift velocity along the 
slit is about 450 km s'^. This implies that BS2 was travelling with a velocity of about 
460 km and with an elevation angle of 13 degree from the plane of sky, although the 
Doppler velocity (100 km s~^) was derived only from two points of measurement. The 
velocity of 460 km s"-*" is slower than the typical velocity of Moreton waves and/or X-ray 
waves. This is because the slit direction (north-south) is different from the direction of the 
arc-shaped ejection. 

4. Summctry and Conclusions 

We found two kinds of strongly blueshifted feature that were observed with Hinode/ElS 
to be associated with the 2006 December 13 flare. 

BSl was bright in all observed lines used for the raster, and drifted southward, that is 
along the sht, at a velocity of about 50 km s~^. The Doppler velocity is about 250 km s~^. 
They are associated with the plasmoid ejection seen in XRT, while there are no corresponding 
flare ribbons in the Ca II (H-line) images obtained with SOT. Therefore, we concluded that 
BSl is the ejected plasma, and is not an evaporation flow. Moreover, BSl appears at the 
time of the first radio burst, which supports the plasmoid-induced reconnection model that 
shows the correlation between acceleration of plasmoids/filaments and bursts of nonthermal 
emissions. 

BS2, on the other hand, was very faint, and showed spectra that broaden in the wave- 
length space. The center of the blueshifted component recorded a Doppler velocity of about 
100 km s~^, the drift velocity along the slit is about 450 km s^^. These components are 
observed only in the hottest lines of the raster observation (Fe XV and Ca xvil), and there- 
fore, the plasmas must be heated to more than 2 MK. The BS2 region corresponds to the 
propagation of the coronal wavelike ejection seen in XRT images. The ejection is thought 
to be a MHD fast-mode shock wave, and it is the first successful spectroscopic observation 
of such a shock wave associated with a flare. 
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Table 1 



Line list used of the raster observation 


Target Ion 


Center wavelength (Aj 


CCD 


1 m 

logT 


Fe X 


184.5 


CCD-B 


6.0 


Fe VIII 


185.2 


CCD-B 


5.6 


Fe XI 


188.2 


CCD-B 


6.1 


Ca XVII 


192.8 


CCD-B 


6.8 


Fe XII 


195.1 


CCD-B 


6.2 


Fe XIII 


202.0 


CCD-B 


6.2 


He II 


256.3 


CCD-A 


4.9 


Fe XIV 


274.2 


CCD-A 


6.2 


Fe XV 


284.2 


CCD-A 


6.4 
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Fig. 1. — Overview of the 2006 December 13 flare. Temporal variations of the GOES SXR 
flux in the 1.0 - 8.0 A and 0.5 - 4.0 channels (toj*) and radio time profiles (17 and 35 GHz) 
obtained with NoRP (bottom). The time ranges of BSl and BS2 seen in the EIS field of view 
are marked with BSl and BS2, respectively. 
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Fig. 2.— EUV (195 A) images taken with TRACE (top) and raster images of He ll (256 A: 

bottom left) and in Fc XV (284 A: bottom right) hncs. Solar north is up, and west is to the 
right. The horizontal and vertical axes give the distance from the disk center in arcseconds 
as shown in the top panels. For the EIS raster images, the horizontal axis below the panels 
shows the times. The small box with the dotted line in the bottom right panel points to the 
BSl region. 
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Fig. 3. — Northern blueshift (BSl). Top: Time sequenced spectra of He ll (left) and Fe XV 
(right) windows observed with Hinode/ElS. The time of each panel is (A) 02:24:49 UT, (B) 
02:25:21 UT, (C) 02:25:52 UT, (D) 02:26:24 UT, and (E) 02:26:56 UT. Solar north is up 
and blue is to the left. The size of each window is 224" along the EIS slit (vertical) and 24 
pixels in the CCDs of EIS, which corresponds to 0.54 A in the wavelength scale (horizontal). 
Bottom: Normalized spectra at BSl in He ll (left) and Fe XV (right) windows. The solid 
histograms show the spectra averaged over the region sandwiched between the two horizontal 
white lines in the top panels. The dotted and solid lines are the fitting results that represent 
the main and the blueshift components of the line. The peaks of each line are shown with 
thin and thick arrows. 
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Fig. 4. — Top: Ca ll (H-line) images taken with Hinode/SOT. Bottom: Soft X-ray images 
obtained with the Hinode/XRT (negative images). Solar north is up, and west is to the 
right. The horizontal and vertical axes give the distance from the disk center in arcseconds 
as shown in the top and the left. The cross signs (x) point to the positions of BSl. The 
arrows in the bottom right panel follows the plasmoid ejection seen in XRT. The vertical line 
in the bottom right panel shows the position of the EIS slit. The slit extends from y = —233 
to —9 arcseconds. 
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Fig. 5. — Southern blucshift (BS2). Top: Time sequenced spectra of Fc xv {left) and Ca xvii 
[right] windows observed with ifmoiie/EIS. The time of each panel is (a) 02:22:11 UT, (b) 
02:22:43 UT, (c) 02:23:14 UT, (d) 02:23:46 UT, and (e) 02:24:18 UT. Solar north is up and 
blue is to the left. The size of each window is 224" along the EIS slit (vertical) and 24 
pixels in the CCDs of EIS, which corresponds to 0.54 A in the wavelength scale (horizontal). 
The displacement between the CCD-A and CCD-B was corrected. Middle: Normalized 
spectra at BS2 in Fe xv (left) and Ca XVII (right) windows. The solid histograms show 
the spectra averaged over the region sandwiched between the two horizontal white lines in 
the top panels. The dotted and solid black lines are the fitting results that represent the 
main and the blueshift components of the line. The peaks of each line are shown with thin 
and thick arrows. The gray dashed line in the right panel show Fe xi component, and the 
peaks are indicated by gray thin arrows. Bottom: Soft X-ray negative images taken with 
the Hinode/XKT. The arrows show the front of the wavelike ejection. Crosses ( x ) represent 
BS2 determined by the Fe xv line. The vertical line in the bottom right panel shows the 
position of the EIS slit. 
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Fig. 6. — An XRT image (top left panel) and running differences of EIT images (the 
others). The top right panel shows the image at 02:12 UT with that of 02:00 UT subtracted. 
Differencing is continued in the remaining panels. The white oval region in the bottom left 
panel is mainly due to scattered light in the telescope. In the top left panel the XRT arc- 
shaped ejection is indicated by the solid line, and it is estimated to reach at the dashed line 
at 02:36 UT. The estimated position is indicated in the bottom right panel. 



